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The idea of the strongly interacting field theories constitutes one of the pillars of the
standard model of particle physics. The goal of this work is to export such theories to
cosmology. Here we are interested in models in which the inflaton is a composite object,
instead of a fundamental one. In so doing, we first construct the general setup, in the
metric formulation, for generic models of composite inflation. We subsequently introduce
the relevant examples in which the inflaton is identified with: A) the lightest (composite)
scalar field in the minimal walking technicolor theory, and B) the glueball field of a pure
Yang-Mills theory. We demonstrate that they were both viable to achieve successful inflation.
Surprisingly, we find that the scale of composite inflation is of the order of the expected grand
unification scale, 1016 GeV.
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I. INTRODUCTION
The origin of the Universe is one of the ultimate questions in Science. Our understanding is
still obscured by surprisingly many layers of its mystery. According to the cosmological viewpoint,
the Big Bang model is extremely successful in explaining a remarkably broad range of observa-
tions. Although it has never claimed to elucidate the final truth, it provides a framework for
understanding the evolution of the Universe from the few fractions of a second of its existence till
the present. Its predictions also are, for instance, the abundances of the primordially synthesised
light elements; the thermal relic of the Big Bang in the form of an isotropic microwave background
having a blackbody-like spectrum; and the matter structures formed by gravitational collapse from
primordial fluctuations.
Nevertheless, the theory left some unanswered puzzles concerning its initial conditions. These,
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2for example, include the origin of the homogeneity and flatness of spatial sections; the origin of
matter and radiation; the origin of matter-antimatter asymmetry; the origin of the primordial seeds
for structure; the origin and nature of the dark matter and dark energy.
Traditionally, the initial conditions are well described within a framework of inflationary cosmol-
ogy. The inflationary paradigm exported new ideas from particle physics to theoretical cosmology,
e.g. [1–6]. Similar to the standard model Higgs mechanism, inflation is also modeled by introducing,
at least, a new scalar field dubbed the “inflaton”. However, a (fundamental) scalar field sector in
field theories is plagued by the so-called hierarchy problem. Commonly, this means that quantum
corrections generate unprotected quadratic divergences which must be fine-tunned away. Similarly,
the inflaton also suffers from the same kind of untamed quantum corrections.
Having shown that the models of composite inflation, in the metric formulation, lead to a
consistent picture [8], here we will use such a formulation to demonstrate that the models below
are both possible to achieve successful inflation.
In this work, we investigate a number of models of inflation in which the inflaton is designed
to be the lightest composite state present in different kinds of four-dimensional strongly coupled
theories. We will start here by briefly reviewing the general setup for generic models of composite
inflation [8]. We then introduce the relevant examples in which the inflaton is identified with:
A) the lightest (composite) scalar field in the minimal walking technicolor theory [7], and B) the
glueball field of a pure Yang-Mills theory [8]. Finally, we briefly summarize our finding in the last
section.
II. COMPOSITE INFLATION (CI) SETUP
For a generic strongly coupled theory, we start by identifying the inflaton with one of the
lightest composite states of the theory, Φ. This state has mass dimension d. This is the physical
dimension coming from the sum of the engineering dimensions of the elementary fields constituting
the inflaton, augmented by the anomalous dimensions due to quantum corrections in the underlying
gauge theory. In the metric formulation, we consider the following coupling to gravity in the Jordan
(J) frame [8]:
SJCI =
∫
d4x
√−g
[
−M
2 + ξΦ
2
d
2
gµνRµν + LΦ
]
, LΦ = gµνΦ
2−2d
d ∂µΦ∂νΦ− V(Φ), (1)
with LΦ the low energy effective Lagrangian for the field Φ constrained by the symmetries of
the underlying strongly coupled theory. In this investigation, M is not automatically the Planck
3constant MPl. The non-minimal coupling to gravity is parametrized by the dimensionless coupling
ξ. The non-analytic power of Φ may emerge because we are requiring a dimensionless coupling
with the Ricci scalar.
With the knowledge of the conformal transformation:
gµν → g˜µν = Ω(Φ)2gµν , Ω(Φ)2 = M
2 + ξΦ
2
d
M2Pl
, (2)
we can diagonalize the gravity-composite dynamics model such that
g˜µν = Ω(Φ)−2gµν ,
√
−g˜ = Ω(Φ)4√−g. (3)
After imposing the conformal transformation, we come up with the action in the Einstein (E)
frame:
SECI =
∫
d4x
√−g
[
−1
2
M2Pl g˜
µνR˜µν + Ω
−2
(
Φ
2−2d
d + 3M2PlΩ
′2
)
g˜µν∂µΦ∂νΦ− Ω−4V(Φ)
]
. (4)
Primes denotes derivatives with respect to Φ, and tildes represent the parameters in the Einstein
frame. To deal with an involved kinetic term for the inflaton, it is convenient to introduce a
canonically normalized field χ related to Φ via
1
2
g˜µν∂µχ(Φ)∂νχ(Φ) =
1
2
(
dχ
dΦ
)2
g˜µν∂µΦ∂νΦ , (5)
with
1
2
(
dχ
dΦ
)2
= Ω−2
(
1 +
3ξ2
d2M2Pl
Ω−2Φ
2
d
)
Φ
2−2d
d . (6)
In terms of the canonically normalized field, we have:
SECI =
∫
d4x
√−g
[
−1
2
M2PlR+
1
2
gµν∂µχ∂νχ− U(χ)
]
. (7)
With
U(χ) ≡ Ω−4V(Φ(χ)). (8)
Now we have dropped tildes for later convenience. We will analyze the dynamics in the Einstein
frame, and therefore define the slow-roll parameters in terms of U and χ:
 =
M2Pl
2
(
dU/dχ
U
)2
, η = M2Pl
(
d2U/dχ2
U
)
, N =
1
M2Pl
∫ χini
χend
U
dU/dχ
dχ. (9)
4However, the above parameters can be cast in terms of Φ such that we do not need an explicit
solution of (6). We simply obtain:
 =
1
4
((
1 + ξ
M2
Φ
2
d
)
ΦV
′
V − 4d ξM2Φ
2
d
)2
(
1 + ξ
M2
Φ
2
d
)
1
M2
Φ
2
d + 3
d2
(
ξ
M2
Φ
2
d
)2 , (10)
η = M2Pl
{
V ′′
V − 4Ω
−1
(
Ω−1
ξ
dM2Pl
(
2− d
d
)
Φ
2−2d
d − Ω−3
(
ξ
dM2Pl
)2
Φ
4−2d
d
)}(
dΦ
dχ
)2
−M2Pl
8Ω−1
(
1
Ω
ξΦ
2−d
d
dM2Pl
)
V ′
V − 20Ω
−2
(
1
Ω
ξΦ
2−d
d
dM2Pl
)2
(
dΦ
dχ
)2
+
{
V ′
V − 4Ω
−2 ξΦ
2−d
d
dM2Pl
}
d2Φ
dχ2
 ,
(11)
N =
2
M2
∫ Φini
Φend
Φ
2−d
d
(
1 + 3ξ
2
d2M2
Φ
2
d
1
1+ ξ
M2
Φ
2
d
)
−4
d
ξ
M2
Φ
2
d +
(
1 + ξ
M2
Φ
2
d
)
ΦV ′V
dΦ . (12)
Here we spelled out the setup for generic models of composite inflation. We will use our setup
for investigating different underlying models of composite inflation.
III. COMPOSITE MODELS OF INFLATION
In this work, our inflaton stems from a natural four-dimensional dynamics, and therefore it is
free from unnatural fine-tuning. Having written the generic form of the relevant parameters for
inflation, we now introduce some relevant examples.
A. Minimal Composite Inflation (MCI)
Begging the Lagrangian from Minimal Walking Technicolor [13], the Higgs Lagrangian is now
identified with the MCI effective theory in which we couple non-minimally to gravity in the Jordan
frame as follows:
SJMCI =
∫
d4x
√−g
[
−M
2
Pl
2
R− ξ
2
Tr
(
MM†
)
R+ LMCI
]
. (13)
Here the MCI Lagrangian LMCI is given by
LMCI = 1
2
Tr
[
DµMDµM†
]
− V(M), (14)
5where the potential reads
V(M) =− m
2
2
Tr
(
MM†
)
+
λ
4
Tr
(
MM†
)2
+ λ′Tr
(
MM†MM†
)
− 2λ′′
[
Det(M) + Det(M†)
]
, (15)
with
M =
[
σ + iΘ
2
+
√
2
(
iΠa + Π˜a
)
Xa
]
E , a = 1...9 . (16)
The Xa’s are the generators of the SU(4) group which do not leave the vacuum expectation
value (vev) of M invariant
〈M〉 = v
2
E . (17)
The matrix E is a 4× 4 matrix defined in terms of the 2-dimensional unit matrix as
E =
0 1
1 0
 . (18)
Here the inflaton is assigned to be the field σ. The other scalars are the nine goldstone bosons,
(Πa), in which we assume to become the longitudinal degrees of freedom of the conveniently gauged
SU(4) flavor symmetry. When the techni-fermionic condensate is dynamically generated, the SU(4)
gauge symmetry spontaneously breaks to SO(4). The remaining composite scalars Θ and Π˜a are
massive, and for (near) conformal field theories, expected to be heavier than σ. Therefore it is
sensible to consider the σ dynamics first.
Now we drop the other fields inM. In the general framework outlined above, this field, Φ ≡ σ,
has mass dimension d = 1. So the relevant composite inflaton effective action reads:
SJMCI =
∫
d4x
√−g
[
−M
2 + ξσ2
2
R+
1
2
gµν∂µσ∂νσ − VMCI(σ)
]
, (19)
where
VMCI(σ) = −m
2
2
σ2 +
κ
4
σ4. (20)
Here the linear combination κ =
(
λ+ λ
′ − λ′′
)
is the composite inflaton self-coupling. Imposing
the conformal transformation gµν → g˜µν = Ω2gµν , we can eliminate the non-minimal coupling
between σ and the gravitational field. The resulting action in the Einstein frame is:
SEMCI =
∫
d4x
√−g
[
−M
2
Pl
2
R+ Ω−2
(
1 +
3Ω−2ξ2σ2
M2Pl
)
gµν∂µσ∂νσ − Ω−4VMCI(σ)
]
, (21)
6where
Ω2 =
M2 + ξσ2
M2Pl
. (22)
We are now able to determine the slow-roll parameters and the constraints relevant for inflation.
Now we consider the large field approximation, i.e.,
σ  M√
ξ
. (23)
From (10), we obtain
 ' 4M
4
ξ2 (ξ−1 + 3)σ4
. (24)
Inflation ends when  = 1, so that:
σend ' M√
ξ
(
4
(ξ−1 + 3)
) 1
4
. (25)
In the large field limit, the number of e-foldings (12) is:
N ' ξ
(
ξ−1 + 3
)
4M2
(
σ2ini − σ2end
)
. (26)
Now we deduce that σ2ini  σ2end. So we obtain
σ2ini '
4M2N
ξ (ξ−1 + 3)
. (27)
Notice that we recover the results presented in [7] by imposing M = MPl, and using ξ  3 in
(25) and (27). To generate the proper amplitude of the density perturbations, the potential must
satisfy at σWMAP the normalization condition [9]:
Uini
ini
' (0.0276MPl)4 , (28)
corresponding to the initial value assumed by the inflaton. In the large field limit, we find
Uini ' κM
4
Pl
4ξ2
. (29)
while:
ini ' 4M
4
ξ2 (ξ−1 + 3)σ4ini
. (30)
Using N ≈ 60, we can now determine the magnitude of the non-minimal coupling:
ξ =
N
(0.0276)2
√
κ
3
∼ 46000√κ . (31)
7For a strongly coupled theory we expect κ to be of the order of unity and therefore ξ ∼ 46000.
This analysis resembles very closely the one for the SM Higgs inflation [14], except that our effective
theory for the composite inflaton cannot be used for arbitrary large value of scalar field. The
effective theory is valid for:
σ < 4piv , (32)
implying
v >
√
80M
4pi
√
ξ
∼ 0.81× 1016 GeV . (33)
with the above value obtained for the reduced Planck mass MPl of M ≡ MPl = 2.44× 1018 GeV.
This value is surprisingly close to the typical grand unification scale, 1016 GeV. We noticed that
this phenomenological constraint on v forbids the identification of the composite inflaton with the
composite Higgs.
B. Glueball Inflation (GI)
Pure Yang-Mills theories featuring only gluonic-type fields are the simplest examples of strongly
coupled theories. In this case, the candidate for the inflaton is the interpolating field describing
the lightest glueball.
Φ ≡ ϕ(x) = β
g
Tr [GµνGµν ] , (34)
where Gµν is the standard non-abelian field strength and β is the full beta function of the theory
in any renormalization scheme. The Yang-Mills trace anomaly constrains the low energy effective
Lagrangian for the lightest glueball state [10–12] to be:
LGI = ϕ− 32∂µϕ∂µϕ− VGI(ϕ), VGI(ϕ) = ϕ
2
ln
( ϕ
Λ4
)
. (35)
In the general framework outlined above, this field has mass dimension d = 4, and the non-
minimally coupled glueball effective action to gravity reads:
SJGI =
∫
d4x
√−g
[
−M
2 + ξϕ
1
2
2
R+ ϕ−
3
2∂µϕ∂
µϕ− VGI(ϕ)
]
. (36)
Imposing the conformal transformation with
Ω2 =
M2 + ξϕ
1
2
M2p
, (37)
8the action in the Einstein frame becomes:
SEGI =
∫
d4x
√−g
[
−M
2
Pl
2
R+ Ω−2
(
1 +
3Ω−2ξ2ϕ
1
2
16M2Pl
)
gµν ϕ−
3
2∂µϕ∂
νϕ− Ω−4VGI(ϕ)
]
. (38)
We are now able to determine the slow-roll parameters and constraints relevant for inflation.
Here we consider the large field regime, i.e.:
ϕ
1
2  M
2
ξ
. (39)
In this limit, from (10), we obtain::
 ' 1
4 ln
( ϕ
Λ4
)2 (
ξ−1 + 316
) . (40)
Inflation ends when  = 1 such that:
ϕend
Λ4
= exp
 1
2
√(
ξ−1 + 316
)
 . (41)
In the large field limit, the number of e-foldings (12) is:
N '
[(
ξ−1 +
3
16
)
ln
( ϕ
Λ4
)2]ϕini
ϕend
. (42)
A simple way to determine the value of ϕini associated to the moment in whic inflation starts
is to require a minimal numbers of e-foldings compatible with a successful inflation, i.e. N ≈ 60.
This leads to:
ϕini
Λ4
' exp
(√
60
ξ−1 + 316
)
. (43)
Further relevant informations can be extracted using the WMAP [9] normalization condition:
Uini
ini
= (0.0276MPl)
4. (44)
The label “ini”signifies that this expression has to be evaluated at the beginning of the infla-
tionary period. This condition helps us estimating the magnitude of the non-minimal coupling.
We deduce:
Uini ' M
4
Pl
2ξ2
ln
(ϕini
Λ4
)
' M
4
Pl
2ξ2
√
60
ξ−1 + 0.1875
, (45)
while:
ini ' 1
4 ln
(ϕini
Λ4
)2 (
ξ−1 + 316
) = 0.0041 . (46)
9We can therefore determine the magnitude of the non-minimal coupling which assumes the
following value:
ξ ' 6.1× 104. (47)
The knowledge of the non-minimal coupling allows us to estimate the initial and final value of
the composite glueball field ϕ. We have in units of the strong scale Λ:
ϕ
1
4
end
Λ
∼ 1.3 , ϕ
1
4
ini
Λ
∼ 88 . (48)
To be more concrete, let us further relate the strongly coupled scale Λ with M recalling that
we are working in the large field regime (39). This implies that the smallest value assumed by the
inflaton must satisfy (39) and therefore we obtain:
Λ >
M√
ξ
. (49)
Here M is the reduced Planck mass 2.44× 1018 GeV yielding:
Λ > 0.9× 1016 GeV . (50)
This is the typical scale for grand unification, in complete agreement with our earlier results for the
first model of composite inflation explored in the previous section for a very different underlying
model of composite inflation.
IV. CONCLUSION
We constructed the general setup, in the metric formulation, for generic models of composite
inflation. We then introduced models in which the inflatons are the composite fields stemming
from four dimensional strongly interacting theories. We demonstrated that they are both viable
to achieve successful inflation. Surprisingly, we discovered that the scale of composite inflation is
of the order of the expected grand unification scale, 1016 GeV.
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